Abstract: Background: Total parenteral nutrition (TPN) is a life-saving therapy given to neonates with intestinal failure. However, infants on long-term TPN may experience Parenteral Nutrition-Associated Liver Disease (PNALD). New formulations for lipid emulsions are purportedly better than the traditional soy-based lipid emulsions (SLE). Our primary objective was to determine the prevalence of PNALD in infants who received non-soybean-based lipid emulsions (NSLE) or SLE.
INTRODUCTION
Total parenteral nutrition (TPN) is the administration of a complete and balanced nutrition when normal feeding is impossible, inadequate or hazardous. It is thus a life-saving therapy for infants with intestinal failure by providing optimal nutrition. TPN is a combination of dextrose, amino acids, lipids, electrolytes, vitamins and trace elements. Up to 60% of infants on long-term TPN experience complications of biliary sludge and cholelithiasis [1] . In children, liver dysfunction typically presents as cholestasis or abdominal pseudotumour [1] . The known risk factors of Parenteral Nutrition Associated Liver Disease (PNALD) in the setting of long-term TPN are prematurity, low birth weight, sepsis and surgical conditions such as necrotizing enterocolitis and gastroschisis [2] .
The pathophysiology of PNALD is still poorly understood, but it has been postulated that Soy-based lipid emulsions (SLE) are a contributing factor [3] . SLEs are the earliest lipid emulsions developed to *Address correspondence to this author at the Grace Centre for Newborn Care, The Children's Hospital at Westmead, Locked Bag 4001, Westmead NSW 2145, Australia; Tel: +61 2 9845 2715; Fax: +61 2 9845 2251; E-mail: Amit.Trivedi@health.nsw.gov.au provide a source of essential fatty acids, linoleic acid and alpha linoleic acid for parenterally-fed infants [4] . This is to prevent essential fatty acid deficiency in critical stages of development, which manifests as impaired growth, dermatitis, hepatic steatosis, renal toxicity and pulmonary abnormalities.
Other formulations for lipid emulsions have thus been introduced over the past decade to try and reduce the incidence of PNALD. Olive oil-based lipid emulsions (olive oil: soybean oil ratio of 4:1) contain lower levels of polyunsaturated fatty acids (PUFA) than standard SLE. Although the olive oil-based emulsion has a fatty acid profile that is closer to the recommended profile of total lipid supply in TPN, there is limited evidence for its benefit over SLE despite much speculation about its potential in anti-oxidation [4] . It is also not proven to have any significant effect on immune function, such as leukocyte count or acute phase reactant proteins, in a critical care setting [5] . Fish oil-based lipid emulsions (FLE) have been found to be a safe formulation to use in murine models [6] and preterm neonates. Although many studies suggest a potential superiority of FLE over SLE, more definitive studies are needed to ascertain the benefits of FLE and its possible role in PNALD.
Our primary objective was to determine and compare the prevalence of cholestasis between late preterm and term neonates who were given long-term standard soybean oil-based lipid emulsion, and those who were given non-soy-based lipid emulsions. Secondary outcomes were evaluation of impact of lipid emulsions for >4weeks on PNALD, and Diisopropyl iminodiacetic acid (DISIDA) scans performed to exclude biliary atresia.
METHODS

Infants
The cohort sample included infants who were admitted to a tertiary, neonatal intensive care unit (NICU), from January 2004 to December 2013 at the Children's Hospital at Westmead, Sydney, Australia. Each record was retrieved and reviewed from the NICU database retrospectively. Eligible infants were born at >34 weeks of gestation, who are treated with either SLE or NSLE for more than two weeks. Subgroup analysis of the cohort includes Group A, which consists of infants who required TPN for two to four weeks (14-27 days), while Group B consists of infants who required TPN for more than four weeks ( 28 days).
For each eligible infant, data collected included: gender, gestational age, birth weight, date of admission, date of discharge, duration on TPN, the type of lipid emulsion administered (SLE or NSLE), and peak serum conjugated bilirubin values from liver function tests. DISIDA scan results were also retrieved and checked for the presence of biliary atresia in the respective neonates. Neonates with no nuclear medicine records available were assumed to not have had DISIDA scans done.
In this study, PNALD was defined as cholestasis in the setting of parenteral nutrition, and cholestasis was Bilirubin levels were analysed on a VITROS ® 5600
Integrated System using colorimetric technique. 
Analysis of Data
RESULTS
A total of 379 infants received TPN for 14 days during their NICU admission, of which 208 had gestational age of >34 weeks and were included in the study. Baseline characteristics were similar in both the 'Soy' and 'NonSoy' arms ( Table 1) . In this study cohort of 208 patients, there were 138 infants who had TPN for 14-27 days (Group A), while 70 infants required TPN for 28 days (Group B). Baseline demographic characteristics were similar inboth the 'Soy' and 'NonSoy' arms in both Group A and B ( Table 1) . There was a greater preponderance of females in the Soyarm who received at least four weeks of TPN (Group B) (p < 0.05).
In our study cohort 154 patients received SLE for a median duration of 21 days while 54 patients received NSLE for a median duration of 19 days (p = 0.291). They stayed in the NICU for a median period of 33 and 29 days respectively (p = 0.064). The prevalence of PNALD in infants who received SLE was 21% while that of those who received NSLE was 17% ( Table 3) . There were no significant differences between the prevalence rate of PNALD in infants who received more than two weeks of SLE or NSLE (p = 0.315).
In our subgroup analyses ( Table 2) , there were 100 infants who received SLE for a median duration of 18.5 days and 38 infants who received NSLE for a median duration of 16.5 days in Group A. They stayed in the NICU for a median of 26 and 25 days respectively (p = 0.321). 13 out of 100 infants who received SLE had PNALD while 5 out of 38 who received NSLE had PNALD. No significant differences were found between the prevalence rates of infants who received two to four weeks of SLE or two to four weeks of NSLE (Table 3 ) (24% vs. 9%; p = 0.132). In Group B, 54 infants received SLE for median duration of 41.5days while 16 infants received NSLE for a median duration of 43.5 days (p = 0.42). They stayed in the NICU for a median period of 57 and 50 days respectively (p = 0.166) ( Table 2) . 19 out of 54 infants who received SLE had PNALD while 4 out of 16 who received NSLE had PNALD ( Table 3) . No significant differences were found between the prevalence rates of infants who received more than four weeks of SLE or four weeks of NSLE (Table 3 ) (35% vs. 25%; p = 0.132). As compared with the patients in Group A, there was also no significant difference found in the prevalence of PNALD between the 2 groups (p = 0.109).
Of the 41 patients who had PNALD, 11 out of 32 infants who received SLE and 3 out of 9 infants who received NSLE for more than 2 weeks had DISIDA scans done. None of the DISIDA scans showed signs of biliary atresia.
DISCUSSION
In our cohort, the prevalence rate of PNALD was not significantly influenced by the duration the infants were on TPN -for two to four weeks (Group A) or for more than four weeks (Group B). However, in a recent prospective cohort study involving surgical infants who received prolonged TPN (at least two weeks), there was a significant reduction in the incidence of PNALD with restricted lipid dosing (1g/kg/day), compared to those who received normal lipid dosing (2-3g/kg/day) [7] . It is known that there is a greater risk of PNALD when infants are on TPN for a longer duration [8, 9] . Given that in our Group B sample size is smaller and there is a skew in the gender distribution of the 'Soy' group, the significance of the increase in PNALD prevalence rates between infants in Group A and B may be underestimated, or confounded by other nutritional components like amino acids in the TPN formulations [9] .
We also found that the prevalence rate of PNALD was independent of the type of lipid emulsion that the infants received during their admission. However, these results do not support the accumulating evidence in recent years that SLE may contribute to the pathogenesis of PNALD [2] . It has been proposed that SLEs are rich in n-6 PUFA, providing excessive amounts of linoleic acid and -linoleic acid, which can promote hepatocyte damage and apoptosis via proinflammatory mechanisms [2, 10] . SLE formulations also contain high amounts of phytosterol (plant-derived steroid alcohols) that may lead to impaired bile drainage and hepato-biliary dysfunction [11] . Nonetheless, our results are consistent with a randomized controlled trial that showed no effect on liver enzymes in premature infants who received either a mixture of soybean oil, medium-chain triglycerides (MCT), olive oil, and fish oil (SMOFLipid) lipid emulsions [10] . Another recent double-blind randomized controlled trial involving nine infants also stated that there was no significant difference in the reversal of PNALD at four months between groups who received SLE or NSLE at 1.5 g/kg/day [12] although study numbers were small. It may thus be postulated that the duration that infants are on TPN is a more significant factor than the type of lipid emulsion used during that time. Our results thus implicate the increasing use of FLE, as it is believed to be rich in n-3 PUFA, which produces eicosanoids that are less inflammatory than that of n-6 PUFA [4] . FLE do not contain phytosterols and have less n-3 PUFA than SLE, which contribute to the development of PNALD. Several case reports have demonstrated that FLE can be used to replace SLE to reverse PNALD in neonates [2] . In a retrospective study of 23 infants with short bowel syndrome treated with TPN who developed cholestasis, PNALD resolution was seen in 16 -either with increased enteral intake or removal of SLE. The infants also received FLEs as supplementation when SLE was withheld, and this was associated with a normalization of total bilirubin levels and improvement in serum hepatic enzymes [13] . However, some of the infants with short bowel syndrome included in the study were premature and had low birth weights. In our study, we did not find any significant differences between the prevalence rates of PNALD between the infants who received long-term SLE or NSLE (including FLE), and this may be largely due to the fact that our inclusion criteria was for late preterm and term patients (gestational age >34 weeks), hence heavier birth weights. Although there is uncertainty in the exactpathophysiology of PNALD, we know that immature liver function and short bowel syndromes arestrong predisposing factors [14, 15] . The inflammation, secretion of gut hormones and extent of bowel loss associated with short bowel syndrome, as well as the prematurity of the infants in other studies may be a possible confounding factor in other studies that show a benefit of substituting SLE with FLE. Furthermore, there are also concerns whether FLE contain sufficient essential fatty acids to prevent nutritional deficiency because FLE only provide the downstream mediators [8] . Therefore, the benefits of using FLE need to be further elucidated.
Cholescintigraphy is an expensive and invasive procedure. Our results showed that the rates of infants who had DISIDA scans to rule out biliary atresia were comparable between the patient groups who received SLE or NSLE, hence using different lipid emulsions did not contribute to a reduction in the need for an invasive procedure in infants or in the prevention of hepatobiliary disease. Nonetheless, this is based on a fairly limited number of DISIDA scans performed over the last ten years. PNALD is a multifactorial disease entity and other factors such as inflammation and sepsis in the small bowel can contribute to the severity of cholestasis. The level of inflammatory mediators [16] may be influenced by other treatment factors as well, such as the use of ursodeoxycholic acid [17] or antibiotics for management of sepsis.
Retrospective design and a relatively small cohort were limitations of this study.
In conclusion, our study suggests that there is no difference in the effect of using SLE or NSLE on the outcome of late preterm and term infants in relation to cholestasis and PNALD. The lack of an observed beneficial effect in infants who received NSLE in this study paves the way for further objective trials to determine the use of more expensive lipid emulsions in this group of infants on TPN.
